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(57) ABSTRACT 

An angular position Sensor unit has an encoder disc that is 
connected through a hub to an element whose angular 
position is to be measured. The encoder disc is made of a 
plastic material with a thickness between 0.1 and 1.0 mm 
and a planarity of <0.2 mm. An opening through the center 
of the encoder disc receives a flange of the hub. The flange 
has three or more ridges extending Symmetrically in radial 
directions and engaging punched slots of the encoder disc. 
The slots conform to the contours of the ridges, So that the 
encoder disc is held in its position relative to the hub in a 
form-fitting, positive manner. In the axial direction, the disc 
is locked in place by the retainer. 
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ANGULAR POSITION SENSOR UNIT 

BACKGROUND OF THE INVENTION 

0001. The invention relates to an angular position sensor 
unit consisting of an encoder disc that is connected by way 
of a hub to the element on which a measurement is per 
formed for the purpose of determining the angular position 
of a shaft, axle or wheel. 
0002 To measure angles of rotation and/or numbers of 
revolutions, one uses angular position Sensors that have to 
meet exacting requirements in regard to the accuracy of the 
measurement within a wide temperature range. A particular 
problem exists in the mechanical fixation of the encoder disc 
on a Suitable carrier, e.g., a hub, because the connection 
between the encoder disc and its carrier needs to be play-free 
and StreSS-free in relation to a Sensor?emitter unit in the axial 
and radial directions over the entire Specified temperature 
range. 

OBJECT OF THE INVENTION 

0003. The object of the present invention is to further 
develop an angular position Sensor of the kind described 
above, So that a measuring accuracy of S0.5 degrees of 
angle is achieved within a temperature range of -40 to +80 
C. and unrestricted functionality is maintained in the pres 
ence of Vibrations in a frequency range between 8 and 200 
Hz with an effective acceleration of >1 g. 

SUMMARY OF THE INVENTION 

0004) To meet the foregoing objective, the invention 
provides an angular position Sensor unit with an encoder 
disc, a hub and a retainer. The hub is designed to be 
connected to an element whose angular position is to be 
measured. The encoder disc is made of a plastic material 
with a thickness between 0.1 and 1.0 mm and a planarity of 
<0.2 mm. An opening through the center of the encoder disc 
is engaged in a flange of the hub. The flange has three or 
more ridges extending Symmetrically in radial directions and 
engaging three punched slots of the encoder disc. The slots 
conform to the contours of the ridges, So that the encoder 
disc is held in its position relative to the hub in a form-fitting, 
positive manner. In the axial direction, the disc is locked in 
place by the retainer. 
0005. In practical embodiments of the invention, it has 
been found advantageous, if the encoder disc and the hub are 
designed and manufactured Substantially in accordance with 
the following dimensional tolerances: 

0006 for the central opening of the encoder disc, 
+0.1 mm; 

0007 for the slot width of the encoder disc, +0.1 
mm, 

0008 for the slot length of the encoder disc, +0.1 
mm, 

0009 for the width of the ridges on the hub, -0.05 
mm, and 

0010 for the length of the ridges on the hub, -0.05 
. 

0.011 Further in accordance with the invention, it has 
been found practical if the hub and the retainer are arranged 
on a common axis. 
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0012. The novel features that are considered as charac 
teristic of the invention are Set forth in particular in the 
appended claims. The improved apparatus itself, however, 
both as to its construction and its mode of operation, 
together with additional features and advantages thereof, 
will be best understood upon perusal of the following 
detailed description of certain presently preferred specific 
embodiments with reference to the accompanying drawing. 

BRIEF DESCRIPTION OF THE DRAWING 

0013 The following detailed description relates to an 
embodiment of the invention as illustrated in the attached 
drawing, wherein: 
0014 FIG. 1 illustrates how the encoder disc/hub assem 
bly according to the invention is installed in the case of a 
Steering angle Sensor of a motor vehicle; 
0015 FIG. 2 represents a plane view of an encoder disc 
according to the invention; 
0016 FIG.3 represents a cross-sectional view of a hub 
according to the invention; and 
0017 FIG. 4 represents a plane view of a hub according 
to the invention. 

DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT 

0018. As illustrated in FIG. 1, the combined encoder disc 
and hub assembly unit of the angular position sensor accord 
ing to the invention is composed of a hub 1, an encoder disc 
2, and a retainer 3. In the illustrated embodiment, the 
function of the retainer 3 is performed by a driving pinion 9 
of a reduction gear drive. The hub 1 is rigidly connected to 
a Steering column 4, So that a rotary movement of the 
Steering column 4 relative to its axis 5 is transferred imme 
diately to the hub 1 and, consequently, to the encoder disc 2. 
0019. The actual transfer of the rotary movement from 
the hub to the encoder disc occurs between the ridges 8 and 
the slots 6. In the example illustrated in FIG. 2, the slots 
extend radially like spokes on a wheel from the opening 7 of 
the encoder disc 2. Preferably, the slots 6 are punched out of 
the plastic material of the encoder disc 2, which assures that 
the prescribed tolerances can be reliably maintained. The 
tolerance range for the Slots is specified as +0.1/-0 mm with 
regard to a slot width of 2 mm. 
0020. The slots 6 are cooperatively engaged by the ridges 
8 of the hub 1. Like the slots 6, the ridges 8 are oriented 
radially in relation to the axis of rotation and extend to a 
peripheral area of the flange 10. Preferably, the ends of the 
Slots and the radially outward-facing end Surfaces of the 
ridges 8 have rounded contours to avoid a So-called notch 
effect, i.e., StreSS concentrations that could occur at Sharp 
concave corners of the slots when the encoder disc 2 is Set 
in place on the hub. 
0021. The hub 1 that is illustrated in FIGS. 3 and 4 is 
preferably made of an aluminum alloy of the type Al-Cu 
Mg. This alloy has been proven to be very durable in 
mechanical as well as climatic shock tests with the plastic 
based encoder disc. 

0022. The shock tests and thermal stress tests were per 
formed under the following test conditions: 
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0023 1. At -40° C., an acceleration of 100 g was 
applied in a time interval of 6 milliseconds. In this 
test, the movement transverse to the direction of the 
Shock, i.e., in the radial direction of the disc, was not 
allowed to reach at any point in time a positive or 
negative acceleration greater than 30% of the nomi 
nal applied shock acceleration in the given direction. 

0024 2. At temperatures between -40° C. and +80° 
C., the components of the angular position Sensor of 
the present invention where exposed to a rate of 
temperature change of 1 C. per minute. A total of 2 
temperature cycles were performed during a test 
period of 8 hours. The angular position Sensor, in this 
case a steering angle Sensor, passed this test, like 
wise, without any measurable damage. 

0.025 Thus, the tests prove conclusively that the encoder 
disc can be mechanically held in place on a Suitable carrier, 
e.g., a hub, in Such a manner that the connection between the 
encoder disc and its carrier remains play-free and StreSS-free 
in the axial and radial directions over the entire Specified 
temperature range. 

0026. Without further analysis, the foregoing will so fully 
reveal the gist of the present invention that others can, by 
applying current knowledge, readily adapt it for various 
applications without omitting features that, from the Stand 
point of prior art, fairly constitute essential characteristics of 
the generic and Specific aspects of the aforedescribed con 
tribution to the art and, therefore, Such adaptations should 
and are intended to be comprehended within the meaning 
and range of equivalence of the appended claims. 
What is claimed is: 

1. An angular position Sensor unit, comprising an encoder 
disc, a hub with a flange, and a retainer, wherein 
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the hub is adapted for connection to a rotary element on 
which a measurement of an angle of rotation is to be 
performed, 

the encoder disc comprises a plastic material with a 
thickness between 0.1 and 1.0 mm and a planarity of 
<0.2 mm, 

the encoder disc has a central opening adapted to be 
engaged by the flange, with at least three punched slots 
extending Symmetrically in radial directions from the 
central opening; 

the flange has ridges positioned and contoured to match 
the at least three punched slots, 

the encoder disc is held in position on the hub in a 
form-fitting, positive manner by means of Said ridges 
and slots and is axially locked in place by the retainer. 

2. The angular position Sensor unit of claim 1, wherein the 
central opening has a central opening diameter, the slots 
have a slot width and a slot length, the flange has a flange 
diameter, the ridges have a ridge width and a ridge length, 
and wherein further the encoder disc and the hub are 
designed and manufactured to dimensional tolerances of 

+0.1 mm for the central opening diameter, 
+0.1 mm for the slot width, 

+0.1 mm for the slot length, 
-0.05 mm for the ridge width, and 
-0.05 mm for the ridge length. 
3. The angular position Sensor unit of claim 1, wherein the 

hub and the retainer are arranged on a common axis. 

k k k k k 


